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(57) A compression self-ignition gasoline engine in- 
cludes a stratifying device stratifying gas in a combus- 
tion chamber of the engine, a fuel injector directly inject- 
ingfuel in thecombustion chamberand acontroller con- 
nected to the stratifying device and the fuel injector. The 
controller controlling the stratifying device to produce a 
high temperature gas layer of a high temperature gas 
and a low temperature gas layer of a low temperature 
gas in the combustion chamber. The controller further 
controls the fuel injectorto inject the fuel to both the high 
temperature gas layer and the low temperature gas lay- 
er. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a compression 
self-ignition gasoline engine which comprises a fuel in- 
jector injecting fuel directly into a combustion chamber 
and proceeds a combustion by self-igniting mixture in 
the combustion chamber due to the piston compression 
operation. 

[0002] It is known that a theoretical thermal efficiency 
is improved by varying the air-fuel ratio of mixture to ward 
a lean side to decrease a pumping loss and by increas- 
ing a ratio of a specific heat of operation gas for the pur- 
pose of improving the thermal efficiency of a gasoline 
engine. However, a spark-ignition type internal combus- 
tion engine has a tendency that a combustion period is 
elongated by varying as the air-fuel ratio to the lean side, 
thereby degrading a combustion stability of the engine. 
That is, such a spark-ignition type internal combustion 
engine has a limitation of varying the air-fuel ratio to the 
lean side. 

[0003] Japanese Patent Provisional Publication No. 
7-332141 discloses a compression self-ignition internal 
combustion engine that is arranged to generate a pre- 
mixing compression self-ignition combustion. This is 
proposed in order to achieve the stable engine operation 
under the lean air-fuel ratio. Further, Japanese Patent 
Provisional Publication No. 11-182246 discloses an in- 
ternal combustion engine that is arranged to increase 
the temperature in each cylinder by returning exhaust 
gas to an intake passage. This is proposed in order to 
improve the ignitability of fuel during the self-ignition 
combustion. 

SUMMARY OF THE INVENTION 

[0004] Although the latter proposed engine improves 
a problem of the former proposed engine that the ignit- 
ability of fuel during the self-ignition combustion should 
be improved, in some degree, it is further required to 
improve the ignitability. 

[0005] It is an object of the present invention to im- 
prove the ignitability of a gasoline engine during the 
compression self-ignition combustion at a wider engine 
operation region without generating knocking. 
[0006] A first aspect of the present invention resides 
in a compression self-ignition gasoline engine which 
comprises a stratifying device stratifying gas in a com- 
bustion chamber of the engine, a fuel injector directly 
injectingfuel in the combustion chamber and a controller 
connected to the stratifying device and the fuel injector. 
The controller controls the stratifying device to produce 
a high temperature gas layer of a high temperature gas 
and a low temperature gas layer of a low temperature 
gas in the combustion chamber. The controller controls 
the fuel injector to inject the fuel to both the high tem- 
perature gas layer and the low temperature gas layer. 



[0007] Another aspect of the present invention re- 
sides in a compression self-ignition gasoline engine 
which comprises a stratifying device which stratifies gas 
in a combustion chamber of the engine and a fuel inject- 

5 ing which directly injects fuel in the combustion cham- 
ber. The stratifying device produces a high temperature 
gas layer of a high temperature gas and a low temper- 
ature gas layer of a low temperature gas in the combus- 
tion chamber. The fuel injector injects fuel to both the 

10 high temperature gas layer and the low temperature gas 
layer. 

BRIEF DESCRIPTION OFTHE DRAWINGS 

15 [0008] Fig. 1 is a schematic view showing a construc- 
tion of a compression self-ignition type internal combus- 
tion engine according to a first embodiment of the 
present invention. 

[0009] Fig. 2 is a top view schematically showing a 
20 cylinder, intake ports and exhaust ports of the engine 
according to the first embodiment. 
[001 0] Fig. 3 is a graph showing a relationship among 
a combustion pattern, an engine speed and an engine 
load of the engine according to the first embodiment. 
25 [0011] Fig. 4 is a graph showing a self-ignition com- 
bustion established region with respect to an air-fuel ra- 
tio. 

[0012] Fig. 5A is a graph showing a relationship be- 
tween an equivalence ratio and a pre-reaction proceed- 
30 jng degree. 

[0013] Fig. 5B is a graph showing a relationship be- 
tween a temperature and the pre-reaction proceeding 
degree. 

[0014] Fig. 6 is a top view showing a gas distribution 
35 in the combustion chamber generated in the first em- 
bodiment. 

[0015] Figs. 7A, 7B and 7C are graphs showing the 
temperature, the equivalence ratio and the pre-reaction 
proceeding degree, respectively, under a condition that 
40 fuel is injected to a boundary zone between EGR layer 
and air layer under the gas distribution shown in Fig. 6. 
[0016] Figs. 8A, 8B and 8C are graphs showing the 
temperature, the equivalence ratio and the pre-reaction 
proceeding degree, respectively, under a condition that 
45 fuel is injected to the EGR layer under the gas distribu- 
tion shown in Fig. 6. 

[0017] Figs. 9A, 9B and 9C are graphs showing the 
temperature, the equivalence ratio and the pre-reaction 
proceeding degree, respectively, under a condition that 
50 fuel is injected to the air layer under the gas distribution 
shown in Fig. 6. 

[001 8] Fig. 1 0 is a top view schematically showing a 
cylinder, intake ports and exhaust ports of the engine 
according to a second embodiment of the present in- 
55 vention. 

[0019] Fig. 11 A is a graph showing a relationship be- 
tween the ratio of the EGR layer and an oxygen quantity. 
[0020] Fig. 11 B is a graph showing a relationship be- 
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tween the ratio of the EGR layer and an engine load. 
[0021] Fig. 12 is atop view showing a gas distribution 
in the combustion chamber under a low load condition 
in the second embodiment. 

[0022] Fig. 13 is atop view showing a gas distribution 

in the combustion chamber generated under a high load 

condition in the second embodiment. 

[0023] Fig. 14 is a side cross-sectional view showing 

the gas distribution of Fig. 12 and a fuel distribution 

thereto. 

[0024] Fig. 15 is a side cross-sectional view showing 
the gas distribution of Fig. 13 and a fuel distribution 
thereto. 

[0025] Fig. 16 is a graph showing a relationship be- 
tween the engine load and a fuel injection timing of the 
second embodiment. 

[0026] Fig. 17 is a graph showing a relationship be- 
tween the engine speed and the pre-reaction proceed- 
ing degree of a third embodiment. 
[0027] Fig. 18 is a graph showing a relationship 
among the engine speed, the engine load and the EGR 
layer ratio. 

[0028] Fig. 19 is a graph showing a relationship 
among the engine speed, the engine load and the fuel 
injection timing. 

[0029] Fig. 20 is a graph showing a compression self- 
ignition combustion region according to thethird embod- 
iment and the compression self-ignition combustion re- 
gion ensured by a conventional art. 
[0030] Fig. 21 is a top view schematically showing a 
cylinder, intake ports and exhaust ports of the engine 
according to a fourth embodiment of the present inven- 
tion. 

[0031] Fig. 22 is atop view showing a gas distribution 
in the combustion chamber according to the fourth em- 
bodiment. 

[0032] Fig. 23 is a side cross-sectional view showing 
the gas distribution of Fig. 22 and a fuel distribution 
thereto. 

[0033] Fig. 24 is a schematic view showing a con- 
struction of a compression self-ignition type internal 
combustion engine according to a fifth embodiment of 
the present invention. 

[0034] Figs. 25A, 25B, 25C and 25D are process 
views showing an intake stroke, a compression stroke, 
an explosion stroke and an exhaust stroke of the fifth 
embodiment, respectively. 

[0035] Fig. 26A is a time chart showing a valve lifting 
characteristic during the compression self-ignition com- 
bustion. 

[0036] Fig. 26B is a time chart showing a valve lifting 
characteristic during the spark-ignition combustion. 
[0037] Fig. 27A is a side cross-sectional view showing 
a gas distribution and a fuel distribution in the combus- 
tion chamber when the ratio of the EGR layer is large, 
according to the fifth embodiment. 
[0038] Fig. 27B is a side cross-sectional view showing 
a side cross-sectional view showing the gas distribution 



and the fuel distribution in the combustion chamber 
when the ratio of the EGR layer is small, according to 
the fifth embodiment. 

[0039] Fig. 28A is a time chart showing a valve lifting 
5 characteristic when the ratio of the EGR layer is large, 
according to a sixth embodiment of the present inven- 
tion. 

[0040] Fig. 28B is a time chart showing a valve lifting 
characteristic when the EGR layer is small, according 
10 to the sixth embodiment. 

[0041] Fig. 29 is a top view schematically showing a 
cylinder, intake ports and exhaust ports of the engine 
according to a seventh embodiment of the present in- 
vention. 

15 [0042] Fig. 30 is a side cross sectional view a gas dis- 
tribution and a fuel distribution in the combustion cham- 
ber according to the seventh embodiment. 
[0043] Fig. 31 A is a time chart showing a valve lifting 
characteristic when the ratio of the EGR layer is large, 
20 according to the seventh embodiment. 

[0044] Fig. 31 B is a time chart showing a valve lifting 
characteristic when the EGR layer is small, according 
to the seventh embodiment. 

[0045] Fig. 32A is a graph showing a temperature gra- 
25 dient in the combustion chamber according to the sev- 
enth embodiment. 

[0046] Fig. 32B is a graph showing an equivalence ra- 
tio in the combustion chamber according to the seventh 
embodiment. 

30 [0047] Fig. 33 is a cross section view showing a shape 
of the piston for generating the temperature gradient 
thereby. 

[0048] Fig. 34 is a top view schematically showing a 
cylinder, intake ports and exhaust ports of the engine 
35 according to an eighth embodiment of the present in- 
vention. 

[0049] Fig. 35 is a top view showing a piston em- 
ployed in the engine according to the eighth embodi- 
ment of the present invention. 
40 [0050] Fig. 36 is a side cross sectional view of the pis- 
ton of Fig. 35. 

[0051] Fig. 37 is a side cross sectional view a gas dis- 
tribution and a fuel distribution in the combustion cham- 
ber according to the eighth embodiment. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

[0052] Referring to drawings, there will be discussed 
embodiments according to the present invention. 

50 [0053] First, with reference to Figs. 1 to 9C, there will 
be discussed a compression self-ignition type internal 
combustion engine (gasoline engine) 1 according to a 
first embodiment of the present invention. Fig. 1 shows 
a construction of engine 1 according to the first etnbod- 

55 iment. Fig. 2 shows atop view of a combustion chamber 
5 of engine 1 according to the first embodiment. Engine 
1 comprises a piston 3, combustion chamber 5, first and 
second intake ports 7a and 7b constituting an intake 
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passage, first and second exhaust ports 9a and 9b con- 
stituting an exhaust passage, a pair of intake valves 11 
adapted to respectively close intake ports 7a and 7b, 
and a pair of exhaust valves 13 adapted to respectively 
close exhaust ports 9a and 9b, by each cylinder. A fuel 
injector 15 for injecting gasoline (fuel) into combustion 
chamber 5 is provided at an upper and center portion of 
combustion chamber 5. An ignition plug 17 operating 
during a spark-ignition combustion is provided at a por- 
tion near fuel injector 15. First intake port 7a and first 
exhaust ports 9a are connected by an EGR (exhaust 
gas circulation) passage 19. An EGR control valve 21 
is provided in EGR passage 19. EGR valve 21 , fuel in- 
jector 1 5 and ignition plug 1 7 operate according to con- 
trol signals outputted from an ECU (electronic control- 
ling unit) 23. 

[0054] ECU 23 comprises a combustion pattern de- 
ciding section 29, a spark-ignition combustion control 
section 33, an EGR control section 35 and a fuel injec- 
tion timing control section 37, in the form of programs 
for a microcomputer of ECU 23. Combustion pattern de- 
ciding section 29 decides a combustion pattern to exe- 
cute a compression self-ignition combustion when en- 
gine 1 operates in an intermediate-load region and an 
intermediate or low engine speed region, and to execute 
the spark-ignition combustion when engine 1 operates 
in a high-load or high engine speed region, as shown in 
Fig. 3. Spark-ignition combustion control section 31 ex- 
ecutes the spark-ignition combustion by controlling fuel 
injector 15 and spark plug 17 when combustion pattern 
deciding section 29 decides to execute the spark-igni- 
tion combustion. Self-ignition combustion control sec- 
tion 33 executes the self-ignition combustion by control- 
ling EG R control section 35 and fuel injection timing con- 
trol section 37 when combustion pattern deciding sec- 
tion 29 decides to execute the self-ignition combustion. 
EGR control section 35 varies a flow rate of EGR from 
exhaust passage to intake passage by controlling EGR 
control valve 21 . Fuel injection timing control section 37 
varies the fuel injection timing by controlling fuel injector 
15. 

[0055] Fig. 4 shows a self-ignition combustion region, 
where the self-ignition combustion can be executed, 
with respect to air-fuel ratio (A/F ratio). The self-ignition 
combustion region is shown by hatchings. By varying 
the air-fuel ratio toward a lean side, combustion stability 
is degraded, and the torque fluctuation of engine 1 in- 
creases. Therefore, the stability limit, which is defined 
as a tolerance upon taking account of the design point 
of engine 1 and the characteristic of a vehicle equipped 
with the engine 1 , is a stability threshold Sth where the 
air-fuel ratio becomes a lean limit AFL. On the other 
hand, by varying the air-fuel ratio toward a rich side ; the 
knock intensity increases. Accordingly, the air-fuel ratio 
at a knock threshold Nth becomes a rich limit AFR. 
Therefore, the air-fuel ratio range defined by combus- 
tion stability limit AFL and knock stability limit AFR cor- 
responds to the self-ignition combustion region. As dis- 



cussed above, the self-ignition combustion can be exe- 
cuted within this limited A/F ratio range. 
[0056] Although the A/F ratio has been employed as 
an index for showing a ratio of gas (air) and fuel in the 

5 above-explanation, similar tendency is ensured in the 
case that the gases include combustion gas such as 
combustion residual gas and EGR gas. Under such a 
condition, a horizontal axis in Fig. 4 denotes G/F ratio 
in which G denotes the sum of a quantity of fresh air and 

10 a quantity of combustion gas, and F is the quantity of 
fuel. 

[0057] Self-ignition combustion is a low-temperature 
reaction. Therefore, a pre-reaction for generating an in- 
termediate product is first executed, and thereafter a fi- 
15 nal oxidation reaction is executed to generate hot flame. 
Accordingly, by monitoring a proceeding degree of the 
pre-reaction, it is possible to estimate the possibility as 
to whether the self-ignition combustion can be generat- 
ed. Figs. 5A and 5B show a relationship between the 
20 proceeding degree of the pre-reaction and equivalence 
ratio (gas mixture density), and a relationship between 
the proceeding degree of the pre-reaction and temper- 
ature. As shown in Figs. 5A, larger the equivalence ratio 
becomes, larger the proceeding degree of the pre-reac- 
25 tion becomes gradually and slowly. On the other hand, 
as shown in Fig. 5B, higher the temperature becomes, 
larger the proceeding degree of the pre-reaction be- 
comes radically. More specifically, the variation tenden- 
cy of the proceeding degree of the pre-reaction with re- 
30 spect to the temperature is exponential. The sensibility 
of the proceeding degree of the pre-reaction with re- 
spect to the temperature is largely higher than that with 
respect to the equivalence ratio. Accordingly, it will be 
understood thattheself-ignition combustion is effective- 
's |y promoted by utilizing a high-temperature combustion 
gas. In this first embodiment, EGR gas, which is exhaust 
gas returned from the exhaust passage to the intake 
passage, is employed as combustion gas. 
[0058] Fig. 6 shows a gas distributional condition in 
40 combustion chamber 5 of engine 1 after the intake 
stroke under a condition that exhaust gas is recirculated 
from first exhaust port 9a through EGR passage 19 to 
first intake port 7a. As shown in Fig. 6, EGR gas A to- 
gether with fresh air are supplied from first intake port 
45 7a to a right half in combustion chamber 5, and fresh air 
B is supplied from second intake port 7b to a left half of 
combustion chamber 5. That is, the EGR gas layer in- 
cluding EGR gas A and the air layer of fresh air B are 
stratified in combustion chamber 5. Fuel is injected from 
50 fuel injector 1 5 to a center C located between the EGR 
gas layer and the air layer. This stratification is further 
effectively realized by separately generating tumble 
flows as to the respective layers by means of a de- 
pressed portion formed at a top surface of piston 3. It is 
55 certain that the positions of the EGR layer and the air 
layer may be exchanged with each other. 
[0059] Figs. 7A, 7B and 7C show a temperature dis- 
tribution, an equivalence ratio distribution and a distri- 
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bution of thepre-reaction proceeding degree in combus- 
tion chambers of Fig. 6, respectively. In these Figures, 
a horizontal axis corresponds to the D1-D2 line including 
center C in Fig. 6. As shown in Fig. 7A ; there is a region, 
where a gradient of the temperature is large, in the vi- 
cinity of center C. By injecting fuel to this center C, the 
equivalence ratio at the center portion becomes large. 
[0060] The pre-reaction combustion proceeds from a 
region where fuel is rich and the temperature is high. 
Therefore, as shown in Fig. 7C, the pre-reaction com- 
bustion is started from an ignition point S where the pre- 
reaction proceeding degree is largest. Since there is the 
large temperature gradient in the vicinity of the ignition 
point S ; the quantity of fuel to be first ignited is not so 
large and therefore the knocking is not generated there- 
by. Further, after the ignition, the self-ignition sequen- 
tially proceeds to low temperature regions according to 
the temperature gradient. Therefore, the combustion in 
this process is not violent and therefore the knocking is 
not generated. As a result, the enabling load region for 
executing the self-ignition combustion (self-ignition 
combustion region) is expanded toward a high-load 
side, and therefore, further stable self-ignition combus- 
tion is ensured in a further wider engine operating re- 
gion. 

[0061] In contrast, Figs. 8A, 8b and 8C show a tem- 
perature distribution, an equivalence ratio distribution 
and a distribution of the pre-reaction proceeding degree 
in a combustion chamber of a conventional engine sys- 
tem, respectively. This conventional engine system cor- 
responds to a case in that fuel is injected to the EGR 
layer. Accordingly, the pre-reaction violently proceeds 
due to the fuel in the EGR layer of high temperature. 
Therefore, if this combustion pattern is applied to the 
self-ignition combustion of gasoline, a fuel-rich region in 
the high-temperature EGR layer shown in Fig 8B gen- 
erates the self-ignition at the first rush as shown by E in 
Fig. 8C. Consequently, the radical (violent) combustion 
occurs and therefore the knocking is invited. 
[0062] Further, Figs. 9A : 9B and 9C show a tempera- 
ture distribution, an equivalence ratio distribution and a 
distribution of the pre-reaction proceeding in a combus- 
tion chamber of another conventional engine system, 
respectively. This conventional engine system corre- 
sponds to a case in that fuel is injected to the intake-air 
layer. Accordingly, the pre-reaction does not proceed 
due to the lower temperature of the intake-air layer. 
Therefore, if this combustion pattern is applied to the 
self-ignition combustion of gasoline, a fuel-rich region in 
the low-temperature intake-air layer shown in Fig. 9B 
does not generate the self-ignition as shown by F in Fig. 
9C. Consequently, engine 1 is misfired. 
[0063] With reference to Figs. 10 to 16, there will be 
discussed the engine 1 according to a second embodi- 
ment of the present invention. Fig. 1 0 shows a top view 
of engine 1 according to a second embodiment of the 
present invention, corresponding to Fig. 2. The second 
embodiment is characteristically arranged to further 



comprise an intake-air quantity control valve 39 in sec- 
ond intake port 7b and to locate fuel injector 1 5 at a po- 
sition between second intake port 7b and second ex- 
haust port 9b, in addition to the construction of the first 
5 embodiment. ECU 23 outputs a control signal to intake- 
air quantity control valve 39 to control the intake-air 
quantity according to the engine operating condition. 
This arrangement enables varying a ratio between the 
EGR layer and the air layer according to an engine op- 
10 erating condition. 

[0064] Figs. 11 A and 11 B show a relationship be- 
tween the oxygen quantity and the ratio of the EGR layer 
and a relationship between the engine load and the ratio 
of the EGR layer, respectively. Since the ratio of the air 
15 layer decreases according to the increase of the ratio of 
the EGR layer, the oxygen quantity in combustion cham- 
ber 5 decreases as shown in Fig. 11 A. As a result, the 
fuel-injection quantity to combustion chamber 5 de- 
creases, and therefore the load of engine 1 also de- 
20 creases according to the increase of the ratio of the EG R 
layer as shown in Fig. 11 B. Accordingly, in a case that 
it is important to stably execute the ignition of the fuel, 
it is preferable to set the ratio of the EGR layer at the 
high ratio under the low load condition where the fuel 
25 consumption is small. Consequently, it is necessary to 
vary the ratio between the EGR layer and the air layer 
according to the engine load. 

[0065] Fig. 12 shows a gas distributional condition in 
combustion chamber 5 when the engine 1 operates un- 
30 der a low load condition. By setting intake-air control 
valve 39 at almost closed condition to be adapt to the 
low load condition, the quantity of fresh air B supplied 
from second intake port 7b is decreased, and therefore 
the quantity of EGR gas A supplied from first intake port 
35 7a is increased. Consequently, the ratio of the EGR lay- 
er increases as compared with the ratio in the case of 
Fig. 6. 

[0066] Fig. 13 shows a gas distributional condition in 
combustion chamber 5 when the engine 1 operates un- 
40 der a high load condition. By setting intake-air control 
valve 39 at a full open condition and by decreasing the 
opening of EGR control valve 21 , the ratio of the EGR 
layer is decreased. 

[0067] Fig. 14 shows the fuel distribution G of the fuel 
45 injected by fuel injection 1 5 into combustion chamber 5 
underthe low-load gas distributional condition shown in 
Fig. 12. Fig. 15 shows the fuel distribution G of the fuel 
injected by fuel injection into combustion chamber 5 un- 
der the high-load gas distributional condition shown in 
50 Fig. 13. In both cases, the fuel distribution G ranges to 
the boundary zone between the EGR layer and the air 
layer, as clearly shown in Figs. 14 and 15. This combi- 
nation of the fuel injection arrangement and the varying 
operation of the ratio between the EGR layer and the air 
55 layer enables the sequential self-ignition by utilizing the 
temperature gradient, as is similar to that in the first em- 
bodiment. That is, the self-ignition combustion is 
smoothly executed by this combination manner without 
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generating the knocking. In Figs. 14 and 15 : a region g 
in the fuel injected region G is a center portion where 
the fuel ratio is rich, and a region around the region g in 
the region G is put in the slightly rich condition. 
[0068] The fuel ignition tinning of fuel injector 1 5 is var- 
ied to properly inject the fuel G to the boundary zone 
between the EGR layer and the air layer as shown in 
Figs. 14 and 15. Under the low-load condition, the fuel 
injection is executed at the timing when piston 3 reaches 
in the vicinity of TDC in a second half of the compression 
stroke. When piston 3 is positioned in the vicinity of TDC, 
the back pressure is high, and therefore the expanding 
force of the injected fuel is suppressed. Accordingly, the 
fuel distribution region is compactly produced in the vi- 
cinity of fuel injector 15 as shown in Fig. 14. This com- 
pact fuel-distribution region effectively operates to pro- 
mote the ignition underthe low-load condition where the 
fuel injection quantity is small. 

[0069] On the other hand, under the high-load condi- 
tion, the fuel injection is executed at an earlier timing as 
compared with the timing of the low-load condition. 
When the fuel is injected at the earlier timing, the back 
pressure is small as compared with that at the timing 
near TDC, and therefore the expanding force of the in- 
jected fuel becomes large. Accordingly, the fuel distri- 
bution region is produced at an area apart from fuel in- 
jector 1 5 as shown in Fig. 1 5. Under the high-load con- 
dition where the fuel injection quantity is large, the ear- 
lierfuel injection effectively functions to promote the dis- 
persion of the fuel in the combustion chamber 5. 
[0070] Fig. 16 shows a relationship between the fuel 
injection timing and the engine load which relationship 
is employed in the second embodiment according to the 
present invention. Higher the engine load becomes, 
more advanced the fuel injection timing becomes. By 
varying the fuel injection timing according to the ratio 
between the EGR layer and the air layer according to 
the engine load condition, it becomes possible to inject 
the fuel to the boundary zone between the EGR layer 
and the air layer. This enables the compression self-ig- 
nition combustion to be generated under a wider engine 
operating condition. 

[0071] With reference to Figs. 17 to 20, there will be 
discussed the engine 1 according to a third embodiment 
of the present invention. The third embodiment is gen- 
erally similar to the second embodiment shown in Fig. 
10 except that the EGR layer and the air layer are varied 
accordingtothe engine speed. In this third embodiment, 
the fuel injection timing is varied so that the fuel is in- 
jected to the boundary zone between the EGR layer and 
the air layer as is similar to the second embodiment. 
[0072] Fig. 1 7 shows a relationship between the pre- 
reaction proceeding degree and the enginespeed under 
the specific crank angle condition. Higher the engine 
speed becomes, smaller the actual time for advancing 
the pre- reaction becomes. Therefore, the pre- reaction 
proceeding degree is lowered according to the increase 
of the engine speed. This means that the ignitability of 



the fuel degrades according to the increase of the en- 
gine speed. Consequently, it is preferable to increase 
the ratio of the EGR layer when the engine 1 operates 
under the high engine speed condition, in order to pro- 
5 mote the ignitability. 

[0073] With this arrangement, by varying the ratio be- 
tween the EGR layer and the air layer according to the 
enginespeed and by varying the fuel injection timing ac- 
cording to the engine speed, it becomes possible to in- 
fo ject the fuel to the boundary zone between the EGR lay- 
er and the air layer even if the engine speed is varied. 
This enables the compression self-ignition combustion 
to be generated even if the engine speed is varied. 
[0074] Fig. 18 shows a relationship among the ratio 
*5 between the EGR layer and the air layer, the engine load 
and the engine speed, employed in the control of engine 
1 . As is clear from Fig. 1 8, the ratio of the EGR layer is 
increased according to the increase of the enginespeed 
when engine 1 operates underthe low-load condition. 
20 Fig. 19 shows a relationship among the fuel injection 
timing, the engine load and the engine speed. As is clear 
from Fig. 1 9, the fuel injection timing is retarded accord- 
ing to the increase of the engine speed under the low 
load condition. That is, by increasing the ratio of the 
25 EGR layer, the boundary zone between the EGR layer 
and the air layer approaches a position of fuel injector 
15. 

[0075] Fig. 20 shows a map of the compression self- 
ignition combustion. A region surrounded by a continu- 
30 ous line shows the compression self-ignition combus- 
tion region according to the present invention. In this re- 
gion, it is arranged such that the ratio of the EGR layer 
is increased according to the increase of the engine 
speed underthe low load condition. Another region sur- 
35 rounded by a broken line shows a conventional com- 
pression self-ignition combustion region. As is clear 
from Fig. 20, the compression self-ignition combustion 
region according to the present invention is largely wider 
than that according to the conventional art. More spe- 
40 cifically, the compression self-ignition combustion re- 
gion according to the present invention is expanded to 
the lower engine load side and the higher engine load 
side and to the higher engine-speed side. 
[0076] Referring to Figs. 21 to 23, there is shown the 
45 engine 1 according to a fourth embodiment of the 
present invention. Fig. 21 shows a top of combustion 
chamber 5 of engine 1 according to according to the 
fourth embodiment view, corresponding to Fig. 2 of the 
first embodiment. The fourth embodiment is character- 
50 istically arranged to provide another EGR passage 1 9b 
connected to second intake port 7b and second exhaust 
port 9b, in addition to EGR passage 1 9a. First and sec- 
ond EGR control valves 21a and 21 b are installed in first 
and second EGR passages 19a and 19b, respectively 
55 and is controlled by ECU 23. Further, a partition wall 41 
is provided to each of intake ports 7a and 7b. Each par- 
tition wall 41 extends from an inlet of combustion cham- 
ber 5 to a slightly upstream side of a connecting port of 
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EGR passage 1 9a, 1 9b in intake port 7a, 7b. Fuel injec- 
tor 15 is disposed at the center and upper portion above 
combustion chamber 5 as is similar to that of the first 
embodiment. The other construction of the fourth em- 
bodiment is similar to that of the first embodiment shown 
in Fig. 1 . 

[0077] Fig. 22 shows a gas distributional condition in 
combustion chamber 5 according to the fourth embodi- 
ment. First EGR passage 19a recirculates EGR gas A 
to a right side of first intake port 7a having first partition 
wall 41 a and therefore the EGR layer is produced at an 
right side area along and a cylinder wall. Similarly, sec- 
ond EGR passage 19b recirculates EGR gas A to a left 
side of second intake port 7b having second partition 
wall 41b and therefore the EGR layer is produced at a 
left side area along the cylinder wall, as shown in Fig. 
22. Further, fresh air B is supplied to a center portion of 
combustion chamber 5 through a left side of first intake 
port 7a and a right side of second intake port 7b, and 
therefore the air layer is produced at a center portion of 
combustion chamber 5, as shown in Fig. 22. It will be 
understood that the locations of the EGR layer and the 
air layer may be exchanged with each other. 
[0078] Fig. 23 shows a fuel distributional condition of 
fuel G injected from fuel injector 15 in the gas distribu- 
tional condition shown in Fig. 22. Fuel injector 1 5 of this 
fourth embodiment is provided with two injection holes 
which are directed toward the right and left boundary 
zones. Accordingly, it becomes possible that fuel G is 
injected toward the both boundary zones simultaneous- 
ly as shown in Fig. 23. This fuel injector 15 having two 
injection holes may be replaced with a normal diffusion 
type fuel injector. 

[0079] Each boundary zone between the EGR layer 
and the air layer moves in the right and left directions of 
Fig. 22 when the ratio between the EGR layer and the 
air layer is varied by controlling EGR control valves 21 a 
and 21b according to the engine operating condition. 
Therefore, the fuel injection regions are controlled by 
varying the fuel injection timing so that the fuel is inject- 
ed toward each boundary zone between the EGR layer 
and the air layer. 

[0080] Referring to Figs. 24 to 26B, there will be dis- 
cussed a fifth embodiment according to the present in- 
vention. Fig. 24 shows a construction of a compression 
self-ignition type internal combustion engine 1 accord- 
ing to the fifth embodiment. 

[0081] The fifth embodiment is arranged to have no 
EGR passage 1 9 and no EGR control valve 21 . Further, 
each of intake valves 11 and exhaust valves 13 is oper- 
ated by a variable valve timing mechanism 43. ECU 23 
outputs a control signal to each variable valve timing 
mechanism 43 as shown in Fig. 24 to control the valve 
timing. Accordingly, the EGR layer and the air layer are 
produced in combustion chamber 5 by controlling the 
opening and closing timing of exhaust valve 13. It will 
be understood that variable valve timing mechanism 43 
may be of an electromagnetic valve drive mechanism 



employing electromagnetic coils or a known mechanical 
valve drive mechanism. Fuel injector 15 is located at a 
position slightly offset from the centertoward intake port 
7. 

5 [0082] Figs. 25A, 25B, 25C and 25D show gas distri- 
butional conditions for four strokes from intake stroke to 
exhaust stroke, respectively. Fig. 25A shows the gas 
distributional condition during the intake stroke where 
both intake valve 11 and exhaust valve 13 are opened. 

10 Therefore, fresh air is supplied from intake port 7 to com- 
bustion chamber 5, and exhaust gas is supplied from 
exhaust port 9 to combustion chamber 5. In combustion 
chamber 5 shown in Fig. 25A, the EGR layer is produced 
at a right half of combustion chamber 5 by EGR gas A 

15 supplied from exhaust port 9, and the air layer is pro- 
duced at a left half of combustion chamber 5 by fresh 
air B supplied from intake port 7. At the timing when pis- 
ton 3 is located nearTDC during the compression stroke 
as shown in Fig. 25B, fuel is injected from fuel injector 

20 15 toward the boundary zone between the EGR layer 
and the air layer, then the self-ignition is generated. 
Thereafter, the combustion cycle proceeds to expansion 
stroke shown in Fig. 25C and to exhaust stroke shown 
in Fig. 25D. 

25 [0083] Fig. 26A shows a valve lifting characteristic 
during the compression self-ignition combustion. This 
characteristic curve shown in Fig. 26A is employed in 
the fifth embodiment and is arranged to sufficiently re- 
tard the closing timing of exhaust valve 13 after TDC 

30 during exhaust stroke, as compared with a valve lifting 
characteristic during spark-ignition combustion shown 
in Fig. 26B. By varying the closing timing of exhaust 
valve 13, it becomes possible to ensure the spark-igni- 
tion combustion and the compression self-ignition com- 

35 bustion. 

[0084] Referring to Figs. 27Ato 28B, there will be dis- 
cussed a sixth embodiment according to the present in- 
vention. Figs. 27A and 27B show the compression self- 
ignition combustions executed by engine 1 according to 

40 the sixth embodiment. A basic construction of the sixth 
embodiment is generally similar to that of the fifth em- 
bodiment shown in Fig. 24 except that fuel injector 15 is 
set at a position offset toward intake port 7 and that the 
ratio between the EGR layer and the air layer is varied 

45 by varying the closing timing of exhaust valve 13, as 
shown in Figs. 27A and 27B. 

[0085] Figs. 28A and 28b show valve lifting charac- 
teristics during the compression self-ignition combus- 
tion according to the sixth embodiment. The valve lifting 

50 characteristic shown in Fig. 28A is employed to increase 
the ratio of the EGR layer by retarding the closing timing 
of exhaust valve 13 toward intake BDC (bottom dead 
center), as compared with the timing shown in Fig. 26A. 
This retard arrangement increases the quantity of the 

55 EGR gas A to be led into combustion chamber 5 and 
obtains the condition shown in Fig. 27A. On the other 
hand, the valve lifting characteristic shown in Fig. 28B 
is employed to decrease the ratio of the EGR layer by 
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advancing the closing timing of exhaust valve toward the 
exhaust TDC (top dead center), as compared with the 
closing timing shown in Fig. 26B. This advance arrange- 
ment decreases the quantity of the EGR gas A to be led 
into combustion chamber 5 and obtains the condition 
shown in Fig. 27B. As mentioned above, by controlling 
the closing timing of exhaust valve 13, the ratio between 
the EGR layer and the air layer can be varied. Therefore, 
it becomes possible to execute the compression self- 
ignition combustion within a wider engine operation re- 
gion. Further, fuel injector 15 is provided at a position 
offset from the center toward the position near the intake 
port 7. Therefore, even if the boundary zone between 
the EGR layer and the air layer is moved between the 
intake port near position shown in Fig. 27A and the ex- 
haust port near position shown in Fig. 27B. it becomes 
possible to move the fuel injection area in combustion 
chamber 5 so as to be located at the varied boundary 
zone as shown by the areas G in Figs. 27A and 27B. 
That is, when the boundary zone between the EGR layer 
and the air layer is located nearfuel injector 1 5 as shown 
in Fig. 27A, the fuel is injected at the timing when piston 
3 is located near the compression TDC where the back 
pressure in combustion chamber 5 is high. When the 
boundary zone is located at a position apart from fuel 
injection 15 Fig. 27B, the fuel is injected at the earlier 
timing as compared with the timing shown in Fig. 27A. 
[0086] With reference to Figs. 29 to 33, there will be 
discussed a seventh embodiment according to the 
present invention. Fig. 29 shows a top view of engine 1 
according to the seventh embodiment, corresponding to 
Fig. 2 of the first embodiment. A basic construction of 
the sixth embodiment is generally similar to that of the 
fifth embodiment shown in Fig. 24 except for the follow- 
ing arrangement. The seventh embodiment is charac- 
teristically arranged such that two intake ports 7a and 
7b are inclinedly connected to combustion chamber 5 
so as to swirl the gas along the inner surface of cylinder 
in combustion chamber 5 as shown by arrows of Fig. 
29. That is, engine 1 of the seventh embodiment is ar- 
ranged to generate a swirl flow in combustion chamber 
5. Instead of this arrangement of intake ports 7a and 7b, 
helical ports may be employed. 
[0087] Fig. 30 shows a gas distribution in combustion 
chambers of engine 1 according to the seventh embod- 
iment. In Fig. 30, a lower layer contacting with atop sur- 
face of piston 3 is the EGR layer produced by EGR gas 
A, and an upper layer is the air layer produced by fresh 
air B. It is understood that the locations of the EGR layer 
and the air layer may be exchanged with each other. 
Fuel injector 15 is disposed at a center and upper posi- 
tion of combustion chamber 5 and is arranged to inject 
the fuel to the boundary zone between the EGR layer 
and the air layer. Fuel injector 15 injects the fuel in the 
generally horizontal direction shown by arrows of Fig. 
30 at the timing when piston 3 reaches a position near 
the compression TDC. This arrangement enables the 
fuel to be firmly injected to the boundary zone. 



[0088] The stratification of the EGR layer and the air 
layer at the upper and lower sides is achieved by differ- 
entiating the time periods when the respective intake 
valves 1 1 for the respective intake ports 7a and 7b are 

5 open, as shown in Figs. 31 A and 31 B. More specifically, 
ECU 23 controls variable valve timing mechanisms 43 
such that intake valve 1 1 for first intake port 7a, to which 
EGR passage 1 9 is connected, is opened prior to intake 
valve 11 for second intake port 7b. This operational ar- 

10 rangement enables the EGR layer to be produced at the 
lower side in combustion chamber 5 through the oper- 
ation of supplying EGR gas A to the lower side. Follow- 
ing to opening of intake valve 1 1 for first intake port 7a, 
intake valve 11 for second intake port 7b is opened to 

15 supply fresh air B to the upper side on the EGR layer. 
This supply of fresh air B to the upper side produces the 
air layer on the EGR layer. 

[0089] Fig. 31 A shows a valve lifting characteristic 
which is performed to increase the ratio of the EGR layer 

20 as compared with the case of Fig. 31 B. More specifical- 
ly, ECU 23 controls variable valve timing mechanism 43 
for each intake valve 11 such that the opening time pe- 
riod of intake valve 1 1 forf irst intake port 7a is elongated 
and the opening time period of exhaust valve 13forsec- 

25 ond intake port 7b is shortened, as compared with the 
time periods shown in Fig. 31 B. 
[0090] As a modification of Figs. 31 A and 31 B, the op- 
eration arrangement of intake valves 11 and exhaust 
valves may be rearranged to first open the left intake 

30 valve 11 for generating the air layer and to next open 
the right intake valve 11 for generating the EGR layer 
so as to locate the air layer at the lower side contacting 
with the upper surface of piston 3 and to locate the EGR 
layer at the upper side on the air layer. Further, this strat- 

35 ification of the EGR layer and the air layer is achieved 
only by differentiating the opening and closing timings 
of two intake valves 11 without generating swirl flow in 
combustion chamber 5. Furthermore, this stratification 
is achieved only by generating swirl flow in combustion 

40 chamber without differentiating the opening and closing 
timings of two intake valves 11 . 

[0091] Generally, since the heat in combustion cham- 
ber 5 is radiated from the inner wall of each cylinder to 
the external, the temperature gradient takes the largest 

45 value in the vicinity of the inner wall. Accordingly, by in- 
jecting thefuel to the portion nearthe innerwall, theself- 
ignition is started at the large temperature-gradient re- 
gion where the air-fuel ratio is rich. Further, the self-ig- 
nition is sequentially generated from the large temper- 

50 ature-gradient region toward the small temperature-gra- 
dient region to occur slow combustion. Therefore, the 
knocking due to the radical combustion is prevented. 
[0092] To produce swirl flow in combustion chamber 
5 effectively functions to produce the large temperature- 

55 gradient region in combustion chamber 5. Fig. 32A 
shows the variation of the temperature gradient in com- 
bustion chamber 5 along the diametrical line crossing 
the center. In Fig. 32A, a continuous line shows the tem- 
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perature gradient in case that swirl is generated and a 
broken line shows the temperature gradient in case that 
no swirl is generated. As is clear from Fig. 32A, when 
swirl is generated, the heat is positively transferred to 
the external by the swirl flow flowing along the inner wall. 
Accordingly, by enriching the air-fuel ratio at the area 
near the inner wall through the fuel injection to the area 
near the inner wall as shown in Fig. 32B, the knocking 
due to the radical combustion is prevented. 
[0093] Further, by forming a top portion of piston 3 so 
as to have a depressed portion 3a as shown in Fig. 33, 
it becomes possibleto maintain the center portion at the 
high temperature condition. This arrangement enables 
the temperature gradient at the portion near the inner 
wall to be large. 

[0094] Referring to Figs. 34 to 37, there is shown an 
eighth embodiment of the engine according to the 
present invention. The eighth embodiment is arranged 
to have no EGR passage 19 and no EGR control valve 
21 as shown in Fig. 34. Further, each of intake valves 
1 1 and exhaust valves 1 3 is operated by a variable valve 
timing mechanism 43 as is similar to the fifth embodi- 
ment shown in Fig. 24. Accordingly, inner EGR gas is 
remained in combustion chamber 5 by controlling the 
opening and closing timing of exhaust valve 13. It will is 
understood that variable valve timing mechanism 43 
may be of an electromagnetic valve drive mechanism 
employing electromagnetic coils or a known mechanical 
valve drive mechanism. Furthermore, as shown in Figs. 
34, the eighth embodiment is arranged to provide a swirl 
control valve 45 at an inlet of first intake port 7a. ECU 
23 controls the opening degree of swirl control valve 45 
by outputting a control signal to swirl control valve 45. 
By controlling the opening degree of swirl control valve 
45, the swirl of fresh air directing to combustion chamber 
5 is controlled. Further, fuel injector 1 5 is disposed at an 
upper and center portion of combustion chamber5, and 
ignition plug 1 7 is disposed in the vicinity of fuel injector 
15, as shown in Fig. 37. 

[0095] Figs. 35 and 36 show a shape of a top surface 
of piston 3 employed in the eighth embodiment. As is 
clearly shown in Figs. 35 and 36, a depressed portion 
55 having a spherical surface is formed at a center por- 
tion of the top surface of piston 3. Depressed portion 55 
functions to maintain the flowing force generated during 
the intake stroke until the second half of the compres- 
sion stroke and to ensure a necessary combustion 
chamber volume. A portion surrounding the depressed 
portion 55 is formed along a pent-roof shape of an upper 
portion 5a of combustion chamber 5 (the upper portion 
is defined by a cylinder head). Further, a part of the de- 
press-portion surrounding portion of piston 3 has a pair 
of squish areas 56 for generating a squish flow at por- 
tions facing with intake valves 11 and exhaust valves 
13, respectively. Squish areas 56 of piston 3 function to 
generate a squish flow. 

[0096] Fig. 34 shows a condition during a stratification 
process of fresh air and inner EGR gas when engine 1 



operates under the compression self-ignition combus- 
tion. During the compression self-ignition combustion, 
the valve timings of intake and exhaust valves 11 and 
13 are overlapped by the control operation of ECU 23 
5 so that the high-temperature combustion gas remains 
in combustion chambers as inner EGR gas G. 
[0097] Further, when a throttle valve of engine 1 is put 
in full open condition and when swirl control valve 45 
closes first intake port 7a, fresh air is supplied through 
second port 7b into combustion chamber 5 as shown by 
an arrow A of Fig. 34, and therefore a swirl flow S is 
generated in combustion chamber 5. It will be under- 
stood that second intake port 7b may be a helical port 
so as to amplify the magnitude of the swirl flow. 
[0098] Due to the swirl flow, fresh air A supplied to 
combustion chamber 5 swirls along the inner wall of cyl- 
inder. Since fresh air A is low in temperature and heavy 
in density as compared with inner EGR gas G, a centrif- 
ugal force of fresh air A due to swirl is greater than that 
of inner EGR gas G due to swirl. As a result, fresh air A 
is located at an outer peripheral portion in combustion 
chamber 5, and inner EGR gas G is located at a center 
portion in combustion chamber 5. That is, fresh air layer 
and inner EGR layer are stratified in combustion cham- 
ber as shown in Fig. 37 

[0099] Inner EGR gas G has properties of high-tem- 
perature and low density. Fresh air A has properties of 
low-temperature and high density. Therefore, a centrif- 
ugal force caused by the swirl flow becomes larger than 
that of the inner EGR gas G. Then, by injecting the fuel 
to the aimed position, the compression self-ignition is 
executed. Thus, by stratifying the EGR layer and the air 
layer so as to locate the inner EGR layer at a center 
portion in combustion chamber 5 and to locate the air 
layer at the portion surrounding the inner EGR layer, and 
by injecting the fuel to the aimed position, the compres- 
sion self-ignition is smoothly executed. 
[0100] In the above-discussed embodiments, the 
boundary zone between the EGR layer and the air layer 
corresponds to a region where the temperature gradient 
is large in combustion chamber 5. Therefore, even if the 
EGR layer is not produced, by injecting the fuel to the 
large temperature gradient region in combustion cham- 
ber 5 of the air layer, the advantages similar to those of 
the above-discussed embodiments are obtained. 
[0101] The engine 1 according to the preferred em- 
bodiments of the present invention is arranged to stratify 
a high temperature gas layer and a low temperature gas 
layer in combustion chamber 5 and to inject fuel to both 
layers. Accordingly, the fuel injected to the high temper- 
ature gas layer increases its temperature due to the 
compressing operation of the compression stroke : and 
firmly generates the self-ignition. During this self-igni- 
tion at the high temperature gas layer, the fuel to be com- 
busted is a part of the injected fuel, and therefore the 
combustion proceeds mildly without becoming exces- 
sively violent. On the other hand, even if the fuel injected 
to the low temperature gas layer insufficiently increases 
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its temperature, it is firmly ignited due to the increases 
in temperature and in pressure caused by the combus- 
tion at the high temperature gas layer. 
[0102] Further, the engine 1 according to the pre- 
ferred embodiments of the present invention is arranged 5 
to stratify a high temperature gas layer and a low tem- 
perature gas layer in combustion chamber 5 and to in- 
ject the fuel toward the boundary zone between the high 
temperature gas layer and the low temperature gas lay- 
er. Accordingly, at the boundary zone between the high 10 
temperature gas layer and the low temperature gas lay- 
er, a temperature gradient that the temperature de- 
creases from the side of the high temperature gas layer 
toward the side of the low temperature gas layer After 
the self-ignition is generated at the side of the high tern- is 
perature side in the boundary zone, the self-ignition se- 
quentially proceeds to the low temperature according to 
the temperature gradient. Therefore, the combustion 
thereby becomes mild. 

[0103] This application is based on a prior Japanese 20 
Patent Applications No. 2000-20549 filed on January 
28, 2000 and No. H11 (1 999)-3551 01 filed on December 
14, 1999 in Japan. The entire contents of Japanese Pat- 
ent Applications Nos. 2000-20549 and H1 1(1999)- 
3551 01 are hereby incorporated by reference. 25 
[0104] Although the invention has been described 
above by reference to a certain embodiment of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiment described above will occur to those skilled 30 
in the art, in light of the above teaching. The scope of 
the invention is defined with reference to the following 
claims. 



Claims 

1. A compression self-ignition gasoline engine com- 
prising: 

40 

a stratifying device stratifying gas in a combus- 
tion chamber of the engine; 
a fuel injector directly injecting fuel in the com- 
bustion chamber; and 

a controller connected to said stratifying device 45 
and said fuel injector, said controller controlling 
said stratifying device to produce a high tem- 
perature gas layer of a high temperature gas 
and a low temperature gas layer of a low tem- 
perature gas in the combustion chamber, said 50 
controller controlling said fuel injector to inject 
the fuel to both the high temperature gas layer 
and the low temperature gas layer. 

2. The compression self-ignition gasoline engine as 55 
claimed in claim 1 , wherein said controller controls 
said fuel injector to inject the fuel toward a boundary 
zone between the high temperature gas layer and 



the low temperature gas layer. 

3. The compression self-ignition gasoline engine as 
claimed in claim 1, wherein the high temperature 
gas layer is a layer which mainly includes combus- 
tion gas, and the low temperature gas layer is a lay- 
er which mainly includes fresh air. 

4. The compression self-ignition gasoline engine as 
claimed in claim 1 , further comprising two intake 
ports connected to the combustion chamber, and 
an exhaust gas recirculation passage connecting 
one of the intake ports and an exhaust port connect- 
ed to the combustion chamber to recirculate ex- 
haust gas to the intake port. 

5. The compression self-ignition gasoline engine as 
claimed in claim 4, further comprising two intake 
valves installed to the two intake ports, respectively 
wherein a valve opening timing of one of the two 
intake valves is differentiated from a valve opening 
timing of the other of the two intake valves. 

6. The compression self-ignition gasoline engine as 
claimed in claim 5, wherein said controller sets an 
overlap period when a valve opening period of the 
exhaust valve is overlapped with a valve opening 
period of the intake valve, by setting a valve closing 
timing of an exhaust valve installed to the exhaust 
port at a timing on the intake stroke of the engine 
after a piston passes an exhaust top dead center, 
wherein during the overlap period, the low temper- 
ature gas layer is produced by supplying airthrough 
the intake port into the combustion chamber, and 
the high temperature gas layer is produced by di- 
rectly returning the exhaust gas from the exhaust 
passage to the combustion chamber. 

7. The compression self-ignition gasoline engine as 
claimed in claim 1 , further comprising an intake port 
which is partitioned by a partition wall into two pas- 
sages, wherein one of the partitioned passages is 
connected to an exhaust gas recirculation passage 
connected to an exhaust port connected to the com- 
bustion chamber to recirculate exhaust gas to the 
one of the partitioned passages. 

8. The compression self-ignition gasoline engine as 
claimed in claim 1 , wherein said controller decreas- 
es a ratio of the high temperature gas layer to the 
low temperature gas layer according to the increase 
of an engine load. 

9. The compression self-ignition gasoline engine as 
claimed in claim 1 . wherein a ratio of the high tem- 
perature gas layer to the low temperature gas layer 
according to the increase of an engine speed. 
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10. The compression self-ignition gasoline engine as 
claimed in claim 1 , wherein said controller varies a 
fuel injection timing of said fuel injector according 
to a variation of a ratio between the high tempera- 
ture gas layer and the low temperature gas layer. 5 

11. The compression self-ignition gasoline engine as 
claimed in claim 1, wherein said stratifying device 
includes at least one of an exhaust gas recirculation 
valve, an intake valve, an exhaust valve, a flow con- 10 
trol valve ; and an opening degree of a swirl control 
valve. 

12. The compression self-ignition gasoline engine as 
claimed in claim 1, wherein said stratifying device 15 
includes a structure of two intake ports connected 

to the combustion chamber. 

13. A compression self-ignition gasoline engine com- 
prising: 20 

stratifying mean for stratifying gas in a combus- 
tion chamber of the engine, said stratifying 
means producing a high temperature gas layer 
of a high temperature gas and a low tempera- 25 
ture gas layer of a low temperature gas in the 
combustion chamber; and 
fuel injecting means for injecting fuel to both the 
high temperature gas layer and the lowtemper- 
ature gas layer. 30 

14. Method of controlling a compression self-ignition 
gasoline engine comprising: 

stratifying gas in a combustion chamber of the 35 
engine into a high temperature gas layer and a 
low temperature gas layer; and 
injecting fuel to both the high temperature gas 
layer and the low temperature gas layer. 



45 



50 



55 



EP 1 108 868 A2 



FIG.1 



COMBUSTION PATTERN 
DECIDING SECTION 



29 
r31 



SPARK-IGNITION 
COMBUSTION 
CONTROL SECTION 



33 



SELF-IGNITION 
COMBUSTION 
CONTROL SECTION 



23 
ECU 



35 



EGR 

CONTROL SECTION 



FUEL INJECTION 
TIMING CONTROL 
SECTION 



II ! II 

n i 1 r~ 




ill 1 

O 




1 


~3 



27 



ACCELEROTOR 
OPENING 
SENSOR 




25 



12 



EP 1 108 868 A2 




13 



EP 1 108 868 A2 



FIG.3 




14 



EP 1 108 868 A2 




15 



EP 1 108 868 A2 



FIG.5A 



PRE-REACTION 
PROCEEDING 
DEGREE 




SMALL 



SMALL 



EQUIVALENCE RATIO 



LARGE 



FIG.5B 



LARGE 



PRE-REACTION 
PROCEEDING 
DEGREE 



SMALL 




LOW-»- 



HIGH 



TEMPERATURE 



16 



EP 1 108 868 A2 



FIG.6 




ilW Qv — 21 



79 



17 



EP1 108 868 A2 



FIG. 7 A TEMPERATURE 




D1 CENTER C 



LARGE 



FIG.7B 



EQUIVALENCE 
RATIO 




LARGE 



FIG.7C 



PRE-REACTION 
PROCEEDING 
DEGREE 



SMALL 




18 



EP 1 108 868 A2 



HIGH 
A 



FIG. 8 A TEMPERATURE 



LOW 



D1 CENTER C 



LARGE 



FIG.8B 



EQUIVALENCE 
RATIO 



SMALL 



D1 



LARGE 



FIG.8C 



PRE-REACTION 
PROCEEDING 
DEGREE 



SMALL 




19 



EP 1 108 868 A2 



FIG.9A 



FIG.9B 



FIG.9C 



TEMPERATURE 




EQUIVALENCE 
RATIO 




LARGE 



PRE-REACTION 
PROCEEDING 
DEGREE 



SMALL 



F 









D1 



D2 



20 



EP 1 108 868 A2 



FIG.10 




21 



EP 1 108 868 A2 



FIG.11 A 



LARGE 



OXYGEN 
QUANTITY 



SMALL 




LOW 



RATIO OF EGR LAYER 



HIGH 



FIG.11B 



HIGH 

n 



LOAD 



LOW 




LOW 



RATIO OF EGR LAYER 



HIGH 



22 



EP 1 108 868 A2 



FIG.12 




23 



EP 1 108 868 A2 





24 



EP 1 108 868 A2 





FIG.15 




25 



EP 1 108 868 A2 



FIG.16 



ADVANCE 



FUEL 
INJECTION 
TIMING 



RETARD 




LOW 



HIGH 



LOAD 



FIG.17 



LARGE 



PROCEEDING 
DEGREE 



SMALL 




LOW 



HIGH 



ENGINE SPEED 



26 



EP 1 108 868 A2 



FIG.18 



HIGH 



LOAD 



LOW 



LOW 






^ RATIO OF 




EGR LAYER 




/ HIGH 



SMALL- 



HIGH 



ENGINE SPEED 



FIG.19 



HIGH 



LOAD 



LOW 



ADVANCE/ 








, FUEL 






/ ^ INJECTION 






/ / TIMING 








RETARD 



LOW 



ENGINE SPEED 



HIGH 



27 



EP 1 108 868 A2 



FIG.20 



HIGH 



SPARK-IGNITION 
COMBUSTION 



LOAD 



LOW 




COMPRESSION 
SELF-IGNITION 
COMBUSTION 
(EMBODIMENT) 



COMPRESSION 
SELF-IGNITION 
COMBUSTION 
(PRIOR ART) 



LOW 



ENGINE SPEED 



HIGH 



28 



EP 1 108 868 A2 



FIG.21 




29 



EP 1 108 868 A2 



FIG.22 





30 



EP 1 108 868 A2 



FIG.23 



15 




31 



EP 1 108 868 A2 



FIG.24 



23 



COMBUSTION PATTERN 
DECIDING SECTION 



29 



SPARK-IGNITION 
COMBUSTION 
CONTROL SECTION 



31 



-33 



SELF-IGNITION 
COMBUSTION 
CONTROL SECTION 



ECU 



35 



EGR 

CONTROL SECTION 



FUEL INJECTION 
TIMING CONTROL 
SECTION 



27 
J_ 



ACCELEROTOR 
OPENING 
SENSOR 




32 



EP 1 108 868 A2 




33 



EP 1 108 868 A2 




34 



EP 1 108 868 A2 




35 



EP 1 108 868 A2 




EP 1 108 868 A2 



FIG.29 




37 



EP 1 108 868 A2 



FIG.30 




38 




39 



EP 1 108 868 A2 



FIG.32A 



HIGH 



TEMPERATURE 



LOW 



FIG.32B 



RICH 
A 



EQUIVALENCE 
RATIO 



LEAN 




CENTER 



40 



EP 1 108 868 A2 



FIG.33 




41 



EP 1 108 868 A2 



FIG.34 




42 



EP 1 108 868 A2 




43 



EP 1 108 868 A2 



FIG.37 




44 



